certainty over very long time horizons (e.g., geologic time scales)-as a result of deterministic processes, random catastrophes, or synergies between these factors Sjörgren-Gulve 2000, Morris and Doak 2002) . Considering too short a time horizon may cause underestimates of threats and underprotection of biodiversity (Armbruster et al. 1999 , Nilsson 2003 ; conversely, considering too long a time horizon may result in unreliable predictions and misplaced resources (Ludwig 1999 , Coulson et al. 2001 ). Thus, establishing appropriate time horizons for assessing extinction risk is critical to developing effective conservation priorities.
The goal of this article is to briefly review approaches for selecting time horizons in some of the most widely used systems for categorizing imperiled species, and to suggest improvements to how time horizons are treated and how extinction risk assessments and categorization decisions are made under the US Endangered Species Act (ESA) . Although our analysis focuses on the ESA, we believe that our suggestions for improving ESA categorization decisions will be useful to anyone making endangered species categorization decisions.
Species categorization systems and time horizons
Although different categorization systems use a variety of criteria to describe levels of species endangerment, many include only vague descriptions of the time horizon over which extinction risk must be evaluated (e.g., "foreseeable T he assessment of extinction risk is a fundamental issue in conservation biology worldwide (Pinchera et al. 1997 , Keith 1998 , Molloy et al. 2002 , Regan et al. 2005 , de Grammont and Cuarón 2006 . Despite the importance of properly categorizing species to prioritize conservation actions, categorization decisions can be controversial and vulnerable to political manipulation (Shelden et al. 2001 , USDOI 2007 . Endangered species categorization systems that do not explicitly define criteria add linguistic uncertainty to decisionmaking (Regan et al. 2002) , and when this is compounded by differences in methodology and vagueness of terminology, decisions are likely to be inconsistent and unpredictable Burgman 1998, Regan et al. 2005) . To develop objective, repeatable, and transparent decisions, explicit definitions of key terms with quantitative attributes have been suggested (Shelden et al. 2001 , DeMaster et al. 2004 , Regan et al. 2005 , de Grammont and Cuarón 2006 . To date, however, many endangered species categorization systems lack explicit criteria for evaluating species vulnerability, which leaves pivotal phrases in endangered species laws and regulations subject to debate and litigation (e.g., Vucetich et al. 2006 , Nelson et al. 2007 , Waples et al. 2007a , 2007b , D'Elia et al. 2008 .
A critical parameter of endangered species categorization systems is the time over which a species' status is evaluated (Frankham and Brook 2004) . Extinction risk varies over time-approaching zero over very short time horizons (e.g., less than a single generation) and Forum future," "immediate future," "near future," or "mediumterm future"; table 1). The imprecision of terms leaves broad latitude for determining which species fit into a particular category. That latitude, although seen by some as providing flexibility to address a wide variety of individual circumstances, can result in subjective rather than repeatable or transparent decisions (USDOI 2007) . Failure to clearly articulate how vulnerability assessment decisions are made undermines their credibility and erodes public confidence in the agencies responsible for developing the assessments (Shelden et al. 2001 , USDOI 2007 . Moreover, this lack of clarity can result in litigation (e.g., Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) , diverting resources from the implementation of species recovery actions, ultimately to the detriment of species conservation efforts.
Perhaps the most widely known quantitative system of classifying imperiled species is the International Union for Conservation of Nature's (IUCN) Red List Categories and Criteria (IUCN 2001 ), which includes various categories and time horizons (in both years and generation time) in its categorization system (table 2; Lande 1991, Mace et al. 2008 ). In addition, the IUCN also considers quantifiable determinants of extinction risk (i.e., population trends, population size, and geographic range). Others have adopted this categorization system for regional purposes or have modified it to fit particular circumstances. For example, New Zealand adopted the IUCN's approach but adapted the time horizons and population sizes to account for the relatively small size of New Zealand, the period over which recent declines have occurred, and the large number of taxa with naturally restricted ranges and small population sizes (Molloy et al. 2002) . In a recent evaluation of endangered species categorization systems to determine which had the most desirable charateristics, the IUCN categorization system ranked highest (de Grammont and Cuarón 2006) . NatureServe conservation status assessments are another widely used system for evaluating conservation status. Like the IUCN Red List, NatureServe status assessments have a number of criteria (although most are not quantitative) for assigning species to various categories (Master et al. 2009 ). However, unlike the IUCN Red List, time horizons in NatureServe assessments are not variable with respect to each category. Instead, according to NatureServe, "Extinction risk is assessed for species using ten years or three generations, whichever is longer, up to a maximum of 100 years" (Master et al. 2009, p. 5) . Interestingly, NatureServe cites IUCN (2001) for its use of this time horizon without acknowledging that IUCN's categorization system includes a much more complex array of time horizons (see table 2). Despite its simplified version of the IUCN's approach to time horizons, NatureServe provides an explicit time frame within which it evaluates a species' status.
Forum
The ESA is unlike both the IUCN Red List and NatureServe's conservation status assessments in that it lacks quantitative time horizons and explicit criteria for assessing species extinction risk. Instead, extinction risk is assessed by evaluating threats to a species from any of the following factors: (a) the present or threatened destruction, modification, or curtailment of its habitat or range; (b) overuse for commercial, recreational, scientific, or educational purposes; (c) disease or predation; (d) the inadequacy of existing regulatory mechanisms; or (e) other natural or manmade factors affecting its continued existence (ESA 1973, section 4[a] [1]). Thus, ESA assessments are descriptive assessments of the level of threat from each factor, with no overarching framework for translating these assessments into repeatable listing decisions.
Under the ESA, an endangered species is defined as any species that is "in danger of extinction throughout all or a significant portion of its range" (ESA 1973, section 3[6] ). A threatened species is any species "likely to become an endangered species within the foreseeable future throughout all or a significant portion of its range" (ESA 1973, section 3[20] ; emphasis added). The two categories differ in that an endangered species must currently be in danger of extinction, whereas threatened species are simply likely to become in danger of extinction within the foreseeable future.
Because extinction risk varies depending on the analytic time horizon, a species' status under the ESA can be dependent on how the foreseeable future is defined. Historically, the US Fish and Wildlife Service (FWS) and the National Marine Fisheries Service (NMFS)-the two agencies tasked with implementing the ESA-did not explicitly define foreseeable future in their categorization determinations; by default, the term was left undefined (Office of the Solicitor 2009). With the emergence of decision analysis (a technique for decisionmaking that requires explicit definitions of key terms) in conservation biology (Maguire 1986 , 1991 , Drechsler 2000 , Drechsler and Burgman 2004 , the FWS began to explicitly quantify time horizons in its status assessments (see the Lepidium papilliferum example below; Office of the Solicitor 2009). The NMFS did not adopt this strategy; therefore, our analysis below is limited to FWS decisions. For those decisions that did explicitly quantify foreseeable future, there was a wide diversity of both analysis time frames and rationales for these time frames (table 3) . From 2004 to 2009 there were a total of 135 categorization decisions (i.e., status reviews, proposed rules, and final rules), 29 of which (22%) explicitly defined and quantified foreseeable future. Of these 29 decisions, 8 were excluded from further analysis to avoid duplications in our calculations (e.g., when a proposed rule and final rule both quantified foreseeable future).
Analysis of time horizons in FWS listing decisions
Of the 21 decisions analyzed, the most common basis for selecting a time horizon was generation length (n = 11; table 3). However, there were often multiple reasons given for selecting a time horizon, and rationales varied widely; they included local development projections and habitat loss projections, generation lengths, threats, population viability analyses (PVAs), habitat-modeling time horizons, public land-management planning time horizons, and habitat regeneration cycles.
Using midpoints for values with ranges, the average analytic time horizon was 42 years (median = 32, standard deviation [SD] = 24.5) and the average number of generations analyzed was 13 (median = 10, SD = 10.9). Using maximum values for values with ranges, the average analytic time horizon was 47 years (median = 32, SD = 31.1) and the average number of generations analyzed was 15 (median = 10, SD = 12.5). Our analysis revealed no clear pattern of how time horizons (either the basis, generation time, or number of years) were selected.
To further explore issues associated with selecting time horizons on a case-by-case basis, including how they may or may not influence listing decisions, we provide the following examples.
Lepidium papilliferum
One of the first categorization decisions to undergo formal structured decision analysis by the FWS was a listing decision on Lepidium papilliferum (slickspot peppergrass), an annual or biennial plant that occurs in desert "slickspots"-small patches of sparsely vegetated alkaline clay soilsin southern Idaho. The FWS placed slickspot peppergrass on its candidate list in 1999 and received a petition to emergency-list the species in 2001 (USFWS 2003 (USFWS , 2005 . Petitioners later sued the FWS for failing to emergency-list the species and likewise failing to proceed with a proposed listing rule on a nonemergency basis. Ultimately, the FWS and petitioners reached a settlement agreement, with the FWS agreeing to complete a final listing determination in 2003 (USFWS 2003) .
Forum
To assist with its decisionmaking, the FWS convened a panel of scientists with relevant expertise to assess the severity of threats to the species and the probability of its extinction over discrete time horizons (Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) . The panelists were provided a synthesis of information on the species' biology, status, trends, and current and projected threats. Each member of the panel was asked to estimate the extinction risk for L. papilliferum under two scenarios: (1) status quo management and (2) management through implementation of specific conservation actions. The panelists were then asked to enumerate their estimate of extinction risk by placing 100 points in one of eight time periods: 0-10 years, 11-20 years, 21-40 years, 41-60 years, 61-80 years, 81-100 years, 101-200 years, and more than 200 years into the future (Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) . Under status quo conditions, the panel placed 66% of their collective points in the increments between 0 and 80 years in the future and 82% of their points in the increments between 0 and 100 years in the future (Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) . With implementation of conservation agreements for L. papilliferum, panelists placed 40% of their points in the increments between 0 and 80 years and 62% of their points in the increments between 0 and 100 years (Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) .
In withdrawing its proposed rule to list the plant as endangered, the FWS determined that the foreseeable future for slickspot peppergrass endangerment was 40 years (Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) . The FWS was subsequently sued on this withdrawal and lost in court (Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) . In its opinion, the US District Court of Idaho wrote:
The Court is mindful of Federal Defendants' arguments and recognizes that the definition of 'foreseeable future' may vary depending on the particular species-for example, 'foreseeable future' may be defined differently a. Primary basis for the time horizon given in the classification document: D, development projections or habitat loss projections; G, generation length; M, population viability assessment of habitat model time horizon; P, public land management planning time horizon; R, habitat regeneration cycles; T, threats; X, defined post priori based on expert judgment. b. No species specific estimate was available. Based on mean generation time for conger Plethodon jordani.
for a sequoia tree (the National Park Service indicates an age of 3,200 years for a mature tree) than for the slickspot peppergrass, which is an annual or biennial plant. In recognizing this variance among species, the Court is not attempting to establish a brightline rule for defining foreseeable future.
Yet, the agency making the decision, must 'articulate a satisfactory explanation for their action to permit effective judicial review,' which the FWS has failed to do in this case. This example illustrates how post priori selection of quantitative time frames during or following an assessment of extinction risk curves can create the appearance of scientific sleight of hand and can erode scientific credibility and legal deference. As the US District Court of Idaho concluded:
If the Court accepted the FWS's approach as to how it may define a term such as foreseeable future, then the FWS could simply convene an expert panel to assess the extinction risk without developing criteria to interpret the information, thereby allowing [the FWS] to have free reign to define foreseeable future without any guidelines, or any means of reviewing its decision. If the FWS had outlined in detail which quantitative and general factors it considered in its decision to withdraw it [sic] proposed rule, rather than merely relying on conclusory statements to justify its decision, then perhaps the Court would not so readily dismiss the FWS's conclusions. (Western Watersheds Project v. Jeffrey Foss and Gale Norton, 2005) Cerulean warbler In 2000, several conservation groups, including the Southern Environmental Law Center and the National Audubon Society, petitioned the FWS to list the cerulean warbler, a Neotropical migratory songbird, as a threatened species, citing concerns over fragmentation and loss of habitat (USFWS 2006) . The FWS issued a preliminary finding in 2002 that listing the species "may be warranted" and initiated a more thorough status review. In that review they reported that the best population estimate was approximately 560,000 individuals (± 280,000 individuals) in 1995, and that populations have been declining at an average rate of 3.2% per year (90% confidence interval: 4.2% and 2.0% decline per year) on the basis of 40 years of trend data. Using the historical average rate of decline, they calculated the population in 2006 to be approximately 400,000 individuals (± 200,000 individuals). Furthermore, they found that there was no reason to suspect that this population trend was likely to change in the future.
From the above estimates, they calculated that "if the average 3.2% per year decline continues without variance, a population of 400,000 birds will decrease to approximately 200,000 in 20 years, 80,000 in about 50 years, and 15,000 in 100 years" (USFWS 2006, p. 70,731) . To account for annual variation in population estimates, reviewers applied a statistical method called diffusion approximation (described in Dennis et al. 1991 , Holmes 2004 ) to the Breeding Bird Survey (BBS) data to estimate the probability of cerulean warbler population change over time. Given the 40 years of available BBS abundance indices, and assuming a current population size of nearly 400,000 birds, there was an estimated 83% chance that the population would decrease to 40,000 birds (90% decline) in 100 years (USFWS 2006) . The likelihood of extinction, modeled as a 99.999% population reduction or a decline to a few hundred birds, was close to zero over 100 years (USFWS 2006) .
In this example, the FWS examined a longer time frame than in the slickspot peppergrass example and found that extinction was not likely in 100 years; in doing so, it concluded that listing the cerulean warbler was not warranted. However, the analysis, which projects a dramatic population decline over the next century (i.e., an 83% chance of a 90% population decline over 100 years), raises the question, What is the threshold for determining when a species is threatened or endangered? Without explicit criteria to evaluate the data, this question must be answered separately for each species evaluated, thereby increasing the likelihood of inconsistent decisions with respect to levels of endangerment.
Recommendations for improvement
To increase transparency and efficiency in imperiled species categorization systems, we recommend that the FWS and NMFS establish quantitative criteria (including both time horizons and risk of extinction) for categorizing species as threatened or endangered (e.g., Gerber and DeMaster 1999 , IUCN 2001 , DeMaster et al. 2004 ) through policy or regulation. We offer the following specific recommendations for the development of these criteria:
3. Consider the desirable characteristics of species categorization systems. Using a detailed comparison of 25 categorization systems from 20 countries, de Grammont and Cuarón (2006) found that the IUCN categorization system possessed the most desirable traits. Relative to time horizons, they point out that only the IUCN's and Chile's categorization systems measured the risk of species extinction on a finite temporal scale. We recommend that the FWS and NMFS consider developing a categorization system with traits similar to the IUCN's, while also considering de Grammont and Cuarón's (2006) assessment of 15 desirable characteristics of threatened species categorization systems (table 4) . Currently, the ESA includes only 7 of the 15 characteristics of desirable categorization systems (table 4) . At a minimum, objective definitions of categories should be established, categories should measure the species' probability of extinction in a given time horizon; the categorization system should develop clear, explicit criteria with which species are assessed to assign them a risk category; and specific guidelines should be established to account for uncertainty (Akçakaya et al. 2000, de Grammont and Cuarón 2006) .
Use a team approach and consult experts.
Efforts to implement quantitative categorization systems under the ESA have been explored in the past (e.g., DeMaster et al. 2004 ), but these attempts have stalled. We recommend that an interagency team (FWS and NMFS) be formed to reinvigorate these discussions and to formulate a peer-reviewed policy establishing comprehensive categorization guidelines under the ESA. We also recommend that the agencies consult with the scientists who helped develop the IUCN and NatureServe categorization systems to ensure that the knowledge accumulated in the development of those systems is fully considered.
Conclusions
The lack of rigorous scientific standards in endangered species categorization systems has prompted the exploration of more explicit and quantitative criteria (DeMaster 2004, Office of the Solicitor 2009). When designed and implemented appropriately, explicit methods foster greater accuracy and precision in risk categorization assessments, can be more defensible in the face of challenges, and can identify the essential data for the ongoing assessment and management of endangered species (Keith 1998) .
Explicit criteria, including time horizons, have not been established for many endangered species categorization systems, although some have suggested this would be useful (Gerber and DeMaster 1999 , Shelden et al. 2001 , DeMaster et al. 2004 . Establishing an explicit framework for making categorization decisions gives a level of certainty and credibility to a process that is otherwise subject to political and socioeconomic influences Lande 1991, Shelden et al. 2001 ).
1. Establish time horizons based on explicit probabilities of endangerment. Time horizons given in a quantitative system should be based on explicit probabilities of endangerment or extinction over explicit time frames (e.g., at least a 10% probability of extinction in 100 years; de Grammont and Cuarón 2006). Moreover, they should consider the operational determinants of extinction risk, which can include intrinsic factors (e.g., generation time, body size, trophic level, migratory habits, reproductive rate, population size, variability in population size, inbreeding accumulation), extrinsic factors (threats to habitat, invasive species, climate change, and catastrophes), and synergies between the two (Pimm et al. 1988 , Mangel and Tier 1994 , Armbruster et al. 1999 , Purvis et al. 2000 , Vucetich et al. 2000 , Nilsson 2003 .
Generation length has been suggested as the most appropriate metric for establishing time horizons because of its direct link to species' demography (Frankham and Brook 2004) . Generation length allows one to account for longterm inbreeding accumulation (Nilsson 2003) or demographic threats to long-lived species (Armbruster et al. 1999) . However, the frequency, magnitude, and severity of catastrophes can have a swamping effect on all indicators of extinction risk (Mangel and Tier 1994) . If too short a time horizon is selected, such that catastrophes are not appropriately accounted for, the estimate of extinction risk may be overly optimistic. Therefore, we strongly suggest that if generation time is used in an explicit categorization system, it be fortified by the inclusion of a minimum time scale (e.g., 10 generations or 100 years, whichever is greater) to ensure that such threats are appropriately considered.
2. Develop guidelines for using population viability analysis in categorization decisions. Population viability analysis (PVA), a quantitative method for assessing likely future population status, can be a useful means of assessing extinction risk and assigning species to particular risk categories (Morris and Doak 2002) . Although this tool has been used as the foundation of some ESA classification decisions (e.g., cerulean warbler), there is currently no NMFS or FWS policy or guidance on the use of PVAs in categorization decisions under the ESA. We believe that it would be helpful to establish, through policy, some standard practices to ensure that PVAs are used appropriately in ESA categorization decisions. In particular, we recommend that such a policy require PVAs to assess quasiextinction risk (rather than absolute extinction risk), use multiple summary statistics and the cumulative distribution of extinction times in evaluating extinction risk (rather than simply the probability of extinction over a single time horizon), and specifically account for uncertainty in parameter estimates (Morris and Doak 2002, Amstrup et al. 2008 ). Ideally, a PVA approach would be integrated into a policy that adopted an overarching quantitative categorization system, but it would also have utility independent of such a system. A case-by-case approach to explicitly defining analysis time horizons is likely to be plagued by inconsistencies in time horizons selected and the rationales for them. These inconsistencies increase the likelihood of capricious decisionmaking and legal vulnerability (Office of the Solicitor 2009). As noted in a recent letter from the Department of the Interior's inspector general report to Congress, "For many years, through several administrations [an absence of policy in exercising discretion in ESA decisions] appears to be an intentional failure to clarify, in order to maximize the agenda du jour" (USDOI 2007) . To rectify this situation, we suggest that agencies involved in making endangered species categorization decisions explicitly define terms in an overarching decisionmaking framework that accounts for uncertainty and ensures projections encompass a sufficient time horizon to fully contemplate foreseeable changes in species' extinction risk. Establishing scientific teams to make listing recommendations using an explicit, quantitative framework and increasing collaborative relationships with scientific societies (e.g., American Ornithologists' Union, American Fisheries Society, Botanical Society of America) or other conservation groups (e.g., IUCN's Species Survival Commission) could also bolster the efficiency and scientific credibility of maintaining endangered species lists.
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Yes
Other system characteristics System is objective and based on science and thus includes evaluations of the level of uncertainty and considerations of risk tolerance No
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System is applicable at different geographic scales (regional, national, and global) No
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